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The synthesis and convergence of human genetics and cytological techniques in European centres feature prominently in these accounts of the origins of medical genetics. These are said to have produced a new field of knowledge, i.e., cytogenetics, that would subsequently be disseminated to centres in the United States in the 1960s. Cytogenetics was in fact the first in a succession of new technological advancements that would permit scientists and clinicians to investigate diagnostically the genetic basis of disease. In a subsequent phase, cytogenetics, biochemical genetics, genetic counselling, and, after the mid-1980s, molecular genetics amalgamated into a formal medical specialty, i.e., "medical genetics," around which the researchers and service providers involved worked collectively to build an environment which provided the resources needed to ensure that governments and the public would acknowledge the value of the expertise being offered.
Our contribution to the history of early cytogenetics begins by broadening the scope of inquiry beyond the understanding that medico-scientific breakthroughs that originated in European centres in the late 1950s diffused in a more or less straightforward manner to become a new field of expertise in medicine and clinical research, i.e., cytogenetics. A key argument follows that the field of cytogenetics did not necessarily come together and develop the same way in all countries. Correspondingly, we believe it is inappropriate to suggest that developments in any single country can be regarded as exemplary for what has occurred elsewhere and against which developments in other national and supranational settings can be ranked and compared in relative terms. Indeed, historians of specialty formation in medicine in the past have convincingly shown that the phenomenon of medical specialisation is not by nature and by theoretical definition independent of local variants of the specialty practices to be found 5 in different national settings. 12 On a high level of generality, histories of medical specialties around the world have consistently indicated that individual specialties develop as more or less coherent sets of practices evolving from a more or less unitary perspective (i.e., professional medicine). However, detailed investigation has revealed the important contribution of complex intraprofessional arrangements and resource sharing relationships that are involved in achieving the emergence of closely defined obdurate structures and standards of practice. Accordingly, in what follows, we concentrate on the complexity of intraprofessional arrangements and resource sharing relationships that have contributed to the growth and development of cytogenetics in Canada and Mexico.
Moving beyond the confines of what occurred in the United States, our study of early cytogenetics gives accounts of two countries where the taking up of cytogenetics was influenced by strikingly different backgrounds in clinical research and health care delivery. Unlike the United States, where a broad cohesive national strategy has notably never been developed for genetic health care, 13 the structural development of medico-scientific interest in cytogenetics in both Canada and Mexico has followed closely the prescriptions of national programs and government policies. At the same time, we submit, Canada and Mexico each represent very different cases. Whereas the path that Canadian cytogenetics followed would focus on diagnostic testing, counselling and the formation of laboratories in university-hospital settings, the development and growth of Mexican cytogenetics was strongly tied to clinical research and investigating the chromosomal basis of population health. We will see that in Canada, in what follows, that the emphasis was all on testing, counselling and the clinic, while there was much 12 See, for example, Döhler (1993) ; Leeming (2001) ; Weisz (2006) . 13 See, for example, Lin-Fu and Lloyd-Puryear (2000) .
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greater funding and institutional emphasis on research in Mexico.. These differences allow us to say that the local contexts were important in the adoption and development of cytogenetics in Canada and Mexico, thus contributing differently to the global fields of human genetics and medical genetics.
Some Background: What is Cytogenetics?
Simply put, cytogenetics is "the study of structure, function, and evolution of chromosomes."
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The term "chromosome" refers to any of numerous threadlike bodies, consisting of chromatin, that carry genes in a linear order in the nucleus of the cells that make up organisms. Carl
Wilhelm von Nägeli was the first to describe thread-like structures in the nuclei of plant cells in the 1840s. Walther Flemming later published the first drawn illustrations of what he called "chromatin" in 1882. He used aniline dyes to make the structure of the chromatin more visible under the microscope. Eventually, in 1888, the term "chromosome" (Greek for "stained body") was employed by Wilhelm von Waldeyer.
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The consensus among historians of science is that cytogenetics originally took shape as a discipline around the idea that chromosomes were the physical carriers of the hereditary material of living beings. 16 More specifically, in the first decades of the twentieth century, the chromosomal theory of heredity, also known as Boveri-Sutton theory, merged Gregor Mendel's theory of heredity with the evidence then available concerning chromosomes to posit chromosomes as the physical sites on which "genes," are private, non-profit corporations, although some hospitals are maintained by the federal government (e.g., the Department of National Defence) or provincial and territorial governments (e.g., psychiatric hospitals). All hospitals in the territories are administered federally. It was against the backdrop of the formative period of the establishment of a national health insurance system that genetic health care services in Canada took shape. At the same time, each provincial genetic health care service followed its own unique scheme of local development.
Of the eleven sites in Canada that provided some combination of genetic counselling and laboratory services in 1970, only three in Quebec were set up by individuals who had studied in Quebec. 26 The remaining eight sites (British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Nova Scotia, Newfoundland) were set up by individuals who originally trained in the UK and/or the United States. While the university-hospital setting at Toronto, Ontario was a major point of training in genetic counselling, cytogenetics and biochemical genetics did not achieve mature status until the 1980s. The Atlantic Provinces (Nova Scotia, New Brunswick,
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P.E.I., Newfoundland) made a lot of resource-sharing arrangements for counselling and laboratory services, with a centre at Halifax (Nova Scotia) and one at St. John's (Newfoundland)
acting as centralised services for people from multiple provinces. By contrast, the case of cytogenetics in the province Manitoba is exceptional in so far as experts were recruited from abroad and interprovincially to start up genetic services. It thus merits more attention.
In 1960 While it can be said that there was considerable difference in the way that the structural development of institution-based interests in cytogenetics began in the various Canadian provinces, it is noteworthy that each provincial site was established in a university-hospital setting -often a paediatric department -which provided what might best be described as a "protective niches" in which cytogenetic laboratory facilities could be nurtured. These facilities remained small and entirely reliant on the larger departments that housed them until the early years of the 1970s when a concerted effort was made to assess the rate and direction of genetic health services at the national level in Canada. This occurred when the geneticists involved in genetic counselling realised that they were spending proportionally less time in their research laboratories and more time in the clinics they were assigned to. A survey by questionnaire circulated by the Genetics Society of Canada confirmed that an increase in demand for genetic counselling had occurred and attributed the increase to innovations in laboratory and prenatal counselling services. As a final point, it is significant that the occupational role of MD-geneticists evolved in relation to the roles of other medical specialist categories. In brief, two broad sets of activities can be identified. The first set falls under a general category of prenatal care in pregnancy and childbirth, and overlapped with the services of obstetrics and gynaecology. Activities in this set continue to be referred to by their function: 'prenatal diagnosis'. This can be distinguished from what is called 'general genetics'. General genetics is a catch-all category for activities involving infants, children and adults. As a set of activities unto itself, it can be further divided into three subsets. Activities in the first subset overlap with the area of neonatology. This involves the diagnosis and management of congenital anomalies and diseases in newborns. The second subset takes up broader paediatric concerns and focuses on the diagnosis and management of disorders in children. Finally, the third subset deals with adult-onset diseases and screening for carriers of heritable conditions. In this regard, the nature of the interface with other medical specialists shifts depending on whether the patient is a pregnant woman, an infant, a child, or an adult.
The Beginning of Cytogenetics in Mexico
Spanish-born Mexican pediatrician Salvador Armendares is reputed to be the first Mexican Among the findings of the International Project on Congenital Malformations that were of particular interest in the context of Mexico were "the large contribution of neural tube defects to foetal wastage in most countries and the significant correlations of frequencies of these defects 29 The participant Mexican hospitals were the Gynecology and Obstetrics Hospital #1 Gabriel Mancera, the director of which was the obstetrician and gynecologist Luis Castelazo Ayala (a physician well known to Armendares), and Gynecology and Obstetrics Hospital #2, whose director was the neonatologist Juan Urrusti Sainz, a friend and university contemporary of
Armendares. See Insert Reference.
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over the twenty-four recording centres; the unexplained correlation in frequency between neural tube defects and dizygous twinning; the marked association of consanguinity of parents with increased stillbirth rates and frequency of early death of the infant, these frequencies being highest where parents are most closely related; and the demonstration that, if malformations known to be due to the expression of single recessive gene mutations are ignored, consanguinity of parents is demonstrably associated in these data with neural tube defect frequencies only."
31
Other malformations recorded were harelip and cleft palate, malformations of the gut, malformations of urogenital tract, and Down Syndrome. In the latter, unless careful clinical examinations were carried out in the newborns, studies were supplemented by dermatoglyphic and chromosome data. It is worth noticing that, according to the study, there was a relative high frequency of Down Syndrome in Mexico. The study also showed that in Mexico City the proportion of all pre-28th week losses that occurs between the 17th and 27th weeks was much higher than elsewhere, indicating that further analysis of the information collected might serve to identify the characteristics of a high-risk group of mothers and give clues to the etiology. The location of the unit in the hospital was of crucial importance inasmuch as it allowed human geneticists and physicians to combine the clinical practice with the laboratory in a two-waytraffic. Furthermore, the standardization of the up to date techniques at the UGH was very important because they made the karyotype accessible to scrutiny and close examination. 35 Armendares 'et al.' (1967) . Moorhead 'et al.' (1960) .
37 Nowell (1960) .
38 Armendares 'et al.' (1968) .
39 Màrquez-Monter 'et al.' (1972) Other materials and methods were used in later studies for the first time in the country.
For example, buccal smear wab samples stained with aceto-orcein were used for the X chromatin determination, and peripheral blood lymphocyte culture was used for chromosomal analysis of seventy-four patients from the Pediatric Hospital. These new techniques allowed the geneticists at the unit to relate Turner Syndrome with different chromosomal variants. 40 This work received more than sixty international citations between 1973 and 1985. 44 As part of the innovation pursued by Mexican geneticist at the Unit, other studies were performed towards understanding the frequency of certain illnesses with the occurrence of chromosomal alterations, for example, a study published in 1971 on child malnutrition and the effect of protein calorie deficiency on genetic material. 45 It was found that there was a significant increase in structural anomalies of chromosomes in connection with malnutrition, a pending agenda of Post-Revolutionary Mexican governments. These results drew the attention of the short arms of two acrocentric chromosomes, using leucocyte cultures carried out according to
Moorhead and collaborators, and autoradiography on the mother cells according to Schmid. See Moorhead 'et al.' (1960); Schmid (1963) ; Armendares 'et al.' (1969) . 40 Armendares 'et al.' (1972) . 44 These works led to publication of the monograph Turner Syndrome. Diagnosis and Therapeutic Handling in 1979 by Armendares, which gives a detailed description of the medical characteristics of the syndrome, frequency in the population, its chromosomal classification, clinical characteristics and the correlation of the phenotype to the karyotype, sexual development, intelligence quotient and treatment. It is important to mention that these studies were the first of their kind in Mexico. Armendares (1979) .
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researchers both inside and outside Mexico, contributing to the development of this line of research in both humans and in laboratory animals. Years later, the same authors performed a study with other colleagues, published in 1979, to observe the frequency of structural chromosomal abnormalities in children with severe malnutrition. They used the frequency of sister chromatid exchange (SCE) as a more sensitive method for detecting certain types of environmental mutagens. They also used the Perry and Wolff staining technique with Giemsa stain published only a few years before in 1974. 46 The results obtained did not show overwhelming evidence of an increase in SCE in malnourished as compared to normal children.
However, what they did find was that the proportion of third or subsequent cell division metaphases were significantly higher in malnourished children in comparison to the control group. This was compatible with the observations of Armendares and colleagues that in mixed cultures of malnourished and normal subjects, metaphases from the former are always more numerous than the latter. 47 This suggested the possibility that even if the cell cycle is faster in children than in adults, it is much faster still in malnourished children. 48 Finally, in their work on the C band human chromosome study, Armendares, Salamanca and Buentello were capable not only of adopting but also of significantly improving a newly acquired technique to study chromosome abnormalities for a local context. In 1970, Pardue and
Gall described a procedure to localize C-bands in human chromosomes using sodium hydroxide as a denaturalizing agent. 49 The next year several papers appeared informing about the drastic 49 Pardue 'et al.' (1970) .
49 Pardue 'et al.' (1970) .
24 changes in chromosome architecture caused by this substance. Margery Shaw and colleagues made several modifications reducing the concentration and time of exposure. 50 In 1974 Salamanca and Armendares developed a new staining technique using barium hydroxide, which showed up the C-bands of chromosomes to make this process simpler and more practical. The study was carried out on metaphase chromosome from normal and abnormal males and females.
Chromosomes preparations were obtained according to the usual procedures in blood samples, and then treated with barium hydroxide. With this technique many metaphases were observed in each study because, even though barium hydroxide was as harmful as NaOH for the chromosome structure, it was more soluble and its solubility could be increased with the rise in temperature. This technique allowed each chromatid to be observed with its own centromere. 51 Armendares and his colleagues would subsequently take advantage of this improved technique to perform future studies.
The increasing research activity of the members of the UGH and the rapid development 51 Salamanca 'et al.' (1974) .
Rosado, Mario Salazar Mallén, Carlos Zavala, Maria Teresa Zenzes and Rubén Lisker. Besides these, the corresponding foreign members were also elected. The interdisciplinary nature of human genetics allowed the inclusion of specialists in other fields such as biochemistry, biology, and chemistry. 52 Undoubtedly, the creation of the AMGH gave considerable weight to the formation of national and international academic networks, and was an important forum for the discussion and dissemination of genetic knowledge.
In the National Academy of Medicine. There were basically two objectives behind the creation of the CMG. The first was to bring together specialists in human genetics, and the second was to evaluate specialists who wished to pursue genetic medicine in a peer review system in order to ensure high standards of knowledge and training to detect health problems for hereditary diseases and genetic counselling. Genetic counselling has been restricted to tertiary hospitals, meaning those who give specialised care and conduct research. Counselling in these institutions, in principle, can only be given by doctors or specialists certified by the CMG, and is restricted to the establishment of family trees, as well as cytogenetic, biochemical and molecular studies to establish the probability of patients or their children inheriting a genetic disorder. The CMG was thus established as a certification body and conceived as an organization that supports and distinguishes medical genetics specialists from other areas. The CMG has kept close ties with the AMGH owing to the fact that a considerable number of members belong to both organisations. 
Concluding Remarks and Future Directions
The Johns Hopkins geneticist Victor McKusick famously said in the early 1960s that cytogenetics "gave us our organ. Japan. What Jürgen Kocka describes as "processes of mutual influencing, in reciprocal or asymmetric perceptions, in entangled processes of constituting one another" need further exploration if we are to more fully understand the inexorable push to become part of a larger movement to develop cytogenetics as a specialised field of laboratory medicine. 56 This, we submit, has involved individuals and localities whose interactions deserve to be recognised and studied in more than just one journal article.
56 Kocka (2003) , pp. 42. See also Barahona (2017); Müller 'et al.' (2009); Pernau (2012) .
